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Key Points:
• We present two algorithms for background correction of RAPID electron measure-
ments at energies 40-400 keV
• Corrected RAPID data coincide well with Van Allen Probes and Arase electron mea-
surements
• The generalized relationship between IES electron flux intensities and solar wind dy-
namic pressure was obtained
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Abstract
The Cluster mission, launched in 2000, has produced a large database of electron flux in-
tensity measurements in the Earth’s magnetosphere by the Research with Adaptive Particle
Imaging Detector (RAPID)/ Imaging Electron Spectrometer (IES) instrument. However, due
to background contamination of the data with high-energy electrons (>400 keV) and inner-
zone protons (230-630 keV) in the radiation belts and ring current, the data have been rarely
used for inner-magnetospheric science. The current paper presents two algorithms for back-
ground correction. The first algorithm is based on the empirical contamination percentages
by both protons and electrons. The second algorithm uses simultaneous proton observations.
The efficiencies of these algorithms are demonstrated by comparison of the corrected Clus-
ter/RAPID/IES data with Van Allen Probes/Magnetic Electron Ion Spectrometer (MagEIS)
measurements for 2012-2015. Both techniques improved the IES electron data in the radia-
tion belts and ring current.Yearly averaged flux intensities of the two missions show the ratio
of measurements close to 1. IES corrected measurements were also compared with Arase
Medium-Energy Particle Experiments-Electron Analyzer (MEP-e) electron data during two
conjunction periods in 2017 and also exhibited ratio close to 1. We demonstrate a scien-
tific application of the corrected IES electron data analyzing its evolution during solar cycle.
Spin-averaged yearly mean IES electron intensities in the outer belt for energies 40-400 keV
at L-shell between 4 and 6 showed high positive correlation with AE index and solar wind
dynamic pressure during 2001- 2016. Relationship between solar wind dynamic pressure
and IES electron measurements in the outer radiation belt was derived as a uniform linear-
logarithmic equation.
1 Introduction
The Van Allen radiation belts are zones of charged energetic particles, mainly electrons and
protons, trapped within the magnetic field of the Earth. Protons form a single radiation belt
with maximum flux between L values of 3 to 4 [Ganushkina et al., 2011]. Electron radiation
belts exhibit a two-zone structure: the inner radiation belt lies between L values from 1 to
3 and has a peak of electron flux around L values of 2 to 3 [Lyons et al., 1972]. The outer
radiation belt lies within L values of 3 to 7, exhibiting the maximum electron flux intensity
at L=4-5 [Kellerman et al., 2014]. We note that a third electron belt has also been recently
reported [Baker et al., 2013].
The radiation belts were discovered by the array of Explorer satellite missions [e.g., Williams,
1960]. The Cluster mission [e.g., Escoubet et al., 1997; Wilken et al., 2001] has been investi-
gating plasma phenomena in the magnetosphere and near Earth environment for more than 15
years. Its orbit has evolved from its initial near polar 4x19 RE but has systematically passed
through the radiation belt regions. Energetic electron flux measurements have been made by
RAPID/IES detector. However, electron flux measurements of the IES detector in range 30-
400 keV are susceptible to background contamination effects in the radiation belts region,
which can cause significant errors in measurements and thus have made it challenging to use
RAPID/IES data around the pericentre of its orbit. Background contamination can be a result
of penetrating radiation and energetic particles, amongst which perhaps the most harmful are
the contamination effects caused by protons with energies >100 keV on the corresponding L
values of 3 to 4, and by high-energy electrons ( >400 keV) on L values from 4 to 6.
In the current paper we describe the IES electron flux measurement corrections based on
two methods. Firstly, we will correct for the background contamination using the techniques
described in [Kronberg et al., 2016]. Using the radiation transport code Geant4 [Agostinelli
et al., 2003; Allison et al., 2006], Kronberg et al. [2016] analyzed the efficiency of IES instru-
ment shielding against the penetrating particles by modeling the geometric configuration of
IES detector and bombarding it with proton and electron fluxes on the angles from 0◦ to 90◦
with a step of 1◦. In the course of the experiment, the authors derived the percentages of
contamination of the IES detector for the energy channels 1-6 for L values from 1 to 9. In
order to verify the results of the data filtering, we compare the corrected data to the Van Allen
Probes/MagEIS [Blake et al., 2013] electron flux measurements. Secondly, we use proton flux
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observations from Van Allen Probes/ MagEIS for background correction. As demonstrated by
Kronberg et al. [2016], protons of energies >230 keV are considered to contaminate the IES
measurements. Using Van Allen Probes proton flux measurements with energies in range
200-600 keV, we substract their flux intensities from RAPID/IES electron flux observations
and minimize the difference between Van Allen Probes and Cluster observations. Kronberg
et al. [2016] compared the corrected IES data with MagEIS for a period of 3 months and used
only energies from 240 to 400 keV, while in this study we use 5 years of MagEIS data and
energies from 40 to 400 keV.
The paper has 6 parts, including this introductory section. In section 2, we describe the data
used in this study. Section 3 presents the background correction algorithm based on empiri-
cal contamination coefficients. Section 4 describes the correction technique using the RBSP-
B/MagEIS proton measurements. Section 5 shows the comparison with Arase MEP-e electron
measurements during two conjunction periods. Section 6 is concerned with scientific appli-
cations of the corrected RAPID/IES electron data, particularly for analysis of the solar cycle
dependence of the electron intensity variation. Section 7 draws upon the entire paper and gives
the conclusions.
2 Data
Launched in 2000, the Cluster constellation consists of four identical spacecraft following the
elliptical polar orbits with an initial perigee at about 4 RE and apogee at 19.6 RE [Escoubet
et al., 1997]. Electrons with energies 30-400 keV are measured with the RAPID/IES detector
on board the Cluster mission. IES is a solid-state silicon sensor, which consists of three
acceptance ”pin-hole” systems, each dividing a 60◦ segment into 3 angular intervals. Three
of such detectors are put in configuration which provides electron flux measurements over a
180◦ fan [Wilken et al., 1997]. In our study we use spacecraft 4 (Tango).
The Van Allen Probes (RBSP) constellation, launched in 2012, consists of two spacecraft
orbiting the Earth on near-equatorial orbit with apogees at L=6 and perigees at altitude of
700 km. Magnetic Electron Ion Spectrometer (MagEIS) instruments aboard each of the two
RBSP spacecraft (RBSP-a and RBSP-b) measure electron fluxes on one low-energy unit (20-
240 keV), two medium-energy units (80-1200 keV), and a high-energy unit (800-4800 keV).
The instruments also contain a proton telescope, measuring protons with energies 55 keV- 20
MeV [Blake et al., 2013]. The corresponding energy channels for RAPID/IES and MagEIS
detectors are shown in Tables 1 and 2, respectively.
The Arase (ERG) mission [Miyoshi et al., 2018] consists of a spacecraft launched on the 20th
of December 2016 to explore the Earth radiation belt region. The spacecraft altitude is 440 km
in perigee and 32,000 km in apogee with an inclination of approximately 31◦. The energy and
direction of incoming electrons are measured by the Medium-Energy Particle Experiments-
Electron Analyzer (MEP-e) [Kasahara et al., 2018].
From Tables 1 and 2 it is evident that IES channels 1-4 coincide fairly well with channels 0-3
of MagEIS, as the difference between the lower thresholds for the two missions is within 10%
error. Hence, we can compare their data without adjusting these channels to each other. On the
other hand, MagEIS channels 4, 5 and 6 coincide with IES channel 5, and MagEIS channels 7
and 8 - with RAPID channel 6. In order to compare the data of MagEIS and IES, we need to
recalculate the electron flux intensities on the specified MagEIS channels. For that we apply
the formula following [Kronberg et al., 2012]:
I ′j =
∑n
i=1 Ii ∗ (Ei+1 − Ei)
Emax − Emin
where I ′j is the equivalent MagEIS electron intensity for the RAPID/IES energy channel j, Ii
is the MagEIS intensity for channel i, and Ei are the corresponding lower thresholds of energy
channels, Emax and Emin are the maximal and minimal energies for the energy interval Ij .
We apply two methods of the background correction. First, we correct for electron and proton
contamination using coefficients, obtained by the empirical experiment. Second, we subtract
the MagEIS proton measurements from the IES electron observations. After that, we compare
the derived data with the corrected MagEIS electron measurements [Claudepierre et al., 2015]
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and minimize their difference in order to assess the percentage of protons that reach the IES
detector. The subsequent analysis will be based on RBSP-B data.
3 Background correction using empirical contamination coefficients
Kronberg et al. [2016] showed that one of the main sources of errors in the electron flux mea-
surements are the electrons with energies higher than 400 keV, as they can deposit energies less
than 400 keV in the detector. Their influence becomes quite substantial on the highest energy
channels. It was also shown that protons must possess the energy of at least 230 keV in order
to influence the measurements. The foil, the dead layer in front of the detector and the elec-
tronic noise define the lowest energy of incoming protons being 200 keV, and together with
the lower limit of electronics aboard (32 keV), they must have at least 230 keV to be detected
by the IES sensor. Protons with energies >630 keV are successfully cut off by electrons, so
we only consider protons of energies from 230 to 630 keV as contaminants. Contamination by
protons is especially strong at L values of 3-4, as proton flux peaks at these L-shells. Combin-
ing the percentages of contamination by protons and electrons at different L values for energy
channels from 1 to 6, Kronberg et al. [2016] derived the percentages of total contamination,
shown in Table 3.
In order to filter the IES electron flux measurements based on the contamination coefficients,
we subtract the part of the flux intensity attributed to the influence of background contamina-
tion:
Ielectrons = Imeasured ∗ (1− p100 ),
where Imeasured is the total measured electron flux intensity, p - percent of contamination
from the Table 3, Ielectrons - the filtered electron intensity.
Figure 1 presents the comparison between the spin-averaged yearly mean RAPID/IES electron
measurements, corrected by the above-described method, and equivalent RBSP-B/MagEIS
electron measurements for years 2012-2015. The choice of years for comparison was due to
the fact that Van Allen Probes mission was launched in 2012, and already in 2016 the Cluster
and Van Allen Probes mission had no intercept in altitudes on which they were flying. In
2016 the Cluster mission did not fly on L-shells lower than 5.8, which was the apogee for
RBSP mission. The ratio between corrected RAPID and MagEIS electron intensities is close
to 1, as the median values of the ratio for years 2012-2015 equals to 1.0 in all cases, while
the less stable characteristic, the mean value, stays very close to 1 (Table 4 presents mean
and median ratio values over the whole Energy channel ∗ L matrix). It can be concluded
that RAPID/IES electron intensities observations are in very good agreement with those of
MagEIS, considering that the two instruments have different measuring techniques, as well as
different calibration algorithms used [Claudepierre et al., 2015; Daly and Kronberg, 2010].
We note that although there is significant L shell overlap, the two missions have very different
orbits, where Van Allen has an equatorial orbit, and Cluster is more polar, spending a majority
of the time at higher latitudes.
The overall effect of the correction algorithm is evident in Figure 2, which shows the ratio
between the spin-averaged yearly mean IES electron intensities and the uncorrected measure-
ments for years 2001-2016. The ratio is especially high on higher channels at L-shells around
3-4, where there is a peak in proton intensities due to the proton radiation belt.
4 Background correction using MagEIS proton measurements
In order to correct IES data for proton contamination, we obtain the mean values of spin-
averaged fluxes for 6 channels, which are corrected for electron contamination using the co-
efficients obtained by [Kronberg et al., 2016], and collect them in single energy channel bins
in 0.2 L-shell increments. After that, the yearly averaged proton intensities values for ener-
gies 230-630 keV are calculated for every 0.2L bin and subtracted from the IES data. We
note again that the two instruments are not identical and therefore have different calibration
and measurement responses. RAPID/IES electron measurements can also be susceptible to
cosmic ray background noise and also electron sensor degradation since 2007 [Kronberg and
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Daly, 2016]. Hence, we have to use a functional combining the above-mentioned effects.
There are several ways of constructing such functional (1), for instance, we can use the one
derived by Kronberg et al. [2016]:
median{log10 Y − [b log10(X ◦M)− log10 c · log10 P − log10 a]}2 → min, (1)
where Y is the MagEIS electron data, X is IES data, M is the correction matrix for elec-
tron contamination derived by Geant4 observations, X ◦M is the Hadamard (element-wise)
product of two matrices X and M, P is the matrix of proton intensities observed by RBSP-
B/MagEIS instrument at energies 230-630 keV. Parameters a, b and c are used for optimiza-
tion, and they represent background noise, sensor degradation, and the optimal percentage
of protons that reach the detector, respectively. The authors used the logarithmic values of
all parameters, due to the fact that intensity values can vary drastically, up to several orders
of magnitude, and because the energy spectra follow exponential power laws in this range
[Cayton et al., 1989].
Such a function was applied by [Kronberg et al., 2016] to the IES electron measurements at
channel 6 during 245-366 DOY 2012 and obtained the best fit for a = 0, b = 1, and 0.55 <
c < 1. In the current study we apply a similar approach to all 6 energy channels, but over a
much longer time period to provide better statistics (2012-2015). We minimize the functional
using the differential evolution method, implemented in SciPy optimization package. In the
first optimization approach, we try to use fixed values of log10 a = 0 and log10 b = 1, setting c
to be the optimization parameter after Kronberg et al. [2016]. In the second approach, we set
a, b and c with the corresponding ranges of [0; 0.5], [0; 1], and [0; 1]. The results are shown in
Figure 3. It is worth mentioning that the first optimization approach with fixed a and b leads to
the value of c = 0.99. However, such an approach has several drawbacks. Electron intensities
on higher channels are substantially lower than on lower energy channels. Consequently, when
subtracting proton intensities, we get negative values of intensities for the large parts of higher
energy channels data, which is physically incorrect.
In the following we describe our third approach. Here the IES electron observations must be
close to those of RBSP-B/MagEIS instrument. Therefore, their ratio must be close to 1. In
order to have such effect, we construct the following functional (2):
∑
i,j
(
log10 b · log10(Xij ·Mij)− log10 c · log10 Pij − log10 a
log10 Yij
− 1
)2
→ min, (2)
where the notations are as in functional (1). The results of application of both functionals (1)
and (2) are shown in Figure 3.
Table 5 presents the numerical results of optimization procedure for Functionals (1) and (2)
in 2013, with f being the value of the corresponding functional, p - the mean value of the
IES/MagEIS intensities ratio, and m - the median value of the ratio over all L and E. Mean
and median values of the electron intensities ratio are higher for Functional (2). However,
this effect is attributed to negative intensity values in higher energy channels (see Figure 3)
after subtraction of high proton intensities. On the other hand, we observe almost identical
ratio values for two functionals on L-shells 2-3. Taking into account the fact that we compare
measurements of two different instruments, the observed intensity ratio of 2.4 is satisfying for
our purposes. The mean and median values for functional (2) are shown in Table 6. For years
2013-2015, the ratio values were close to 1. From Table 6, one can conclude that the optimal
values for background noise, sensor degradation and percent of protons reaching the detector
(a, b and c values) will be 10, 100 and 6, respectively.
The subtraction of proton intensities from the IES electron measurements proved to be a reli-
able background correction mechanism, as it brings the electron intensities ratio between the
corrected RBSP-B/MagEIS and IES measurements close to 1, and the values of optimization
parameters a and b coincide fairly well with those derived by Kronberg et al. [2016]. How-
ever, the value of c is different: according to Kronberg et al. [2016], the optimal value of c is
between 0.55 and 1, while in the current study we derived values of c smaller than 0.1. This
might be due to different datasets used in two studies. Kronberg et al. [2016] analyzed one
–5–
Confidential manuscript submitted to Space Weather
energetic channel and≈ 3 months of observations. Here we subtracted proton fluxes at 230 to
630 keV from all six channels for much longer time period (2012-2015).
Both background correction mechanisms, based on empirical contamination coefficients and
on MagEIS proton measurements, are suitable for electron intensities data correction. How-
ever, in spite of the fact that the first method is based on a statistical model, it shows better
results and is more convenient to use due to the fact that it uses only contamination coeffi-
cients obtained by bombarding the same instrument configuration with energetic particles. The
second method uses the combination of the electron contamination coefficients and MagEIS
proton measurements (or other available proton measurements), which can lead to further un-
certainties caused by differences between the two instruments.
5 Comparison of RAPID/IES and Arase MEP-e electron intensities
We compare the electron intensities measured by the Cluster 4 RAPID/IES and the Arase
MEP-e instruments within the energy range from 68 keV to 96 keV in radiation belts in 2017.
We searched for time periods when the two missions were on the same drift path. In this
case it is not necessary for the spacecrafts to be physically close to each other. To do this,
we define a conjunction period by the following criteria: (1) The spacecrafts separation must
be less than 0.2 Earth radii. (2) The satellites must also be close to the magnetic equator.
For this condition to be satisfied, we calculate the ratio between the local and the equatorial
magnetic field magnitudes. This ratio must be more than 0.8 and less than 1.2. The absolute
value of the ratios difference for the Cluster 4 and the Arase spacecrafts must also be less than
0.2. The values for the magnetic equator are based on the Olson-Pfitzer Quiet model [Olson
and Pfitzer, 1974]. (3) Therefore, the magnetosphere must be quiet during the conjunction
periods. Namely, a conjunction period is always when the Kp index is less than 3 for at least
two days before the conjunction. We get the Kp indexes from the International Association of
Geomagnetism and Aeronomy [http://isgi.unistra.fr/indices kp.php]. (4) The spacecraft mea-
surements are allowed to be correlated within a time interval of 3 hours. To match the MEP-e
and RAPID/IES energy ranges, the intensities are recalculated using the method presented in
the Section 2 (Equation 1). The intensities measured by the Cluster 4 are also corrected with
the background correction using empirical contamination coefficients (from Kronberg et al.
[2016], see Table 3).
We found two time periods satisfying the conjunction criteria. They are represented by the
two clusters of points in Figure 5. The one corresponding to the lowest intensities happened
on April 18, 2017. During this conjunction, the mean position vectors in the GSE system were
[ -4.31 , -3.39 , 2.58 ] for the Arase satellite (L-shell 6.8) and [ -4.27 , 4.22 , 1.73 ] for the
Cluster 4 (L-shell 6.5). The upper cluster was measured on April 27, 2017 when the Arase
satellite and Cluster 4 where orbiting at the averaged positions [-4.63, -2.68, 2.86] (on L-shell
6.6) and [-3.57, 4.89, 1.61] on L-shell 6.6, respectively. The slope of the linear regression
close to one shows that the electron intensities are similar.
6 Application to solar cycle analysis
The Cluster mission has been operating since 2001, therefore it can provide a rich long term
database. The mission’s lifespan covers almost two solar cycles: solar cycle 23 (1996-2008)
and solar cycle 24 (2008-2019). In this section we demonstrate the results of solar cycle mon-
itoring for years 2001- 2016. IES electron flux intensities, corrected using the contamination
coefficients from Table 3, are presented in Figure 6.
The 10.7 cm solar radio flux (F10.7) is used as a simple activity level indicator or as a proxy
for the solar emissions [Tapping, 2013]. The index takes into account three different mech-
anisms of emission: thermal-free emission from the chromosphere and corona, solar activity
associated with Coronal Mass Ejections (CMEs) which trigger magnetic storms and may lead
to significant enhancement in radiation belt fluxes, and also nonthermal emissions [Tapping,
2013]. In Figure 7 (A), we demonstrate 27-day averaged and yearly averaged F10.7 index for
2001-2016. It exhibits a pick in 2001 with F10.7 = 128.45, the year of solar maximum in
cycle 23. After that, the index values started to decrease towards a solar cycle 23-24 minimum
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in 2008, which was the historical minimum of solar activity with yearly averaged number of
F10.7 = 69 and 265 spotless days [data source: NOAA Space Weather Prediction Center,
https://www.ngdc.noaa.gov/stp/solar/solar-indices.html].
Auroral electrojet (AE) index was introduced by Davis and Sugiura [1966] as a difference be-
tween the upper and lower envelopes of the superposed H component magnetic variations from
12 magnetic observatories situated at 61◦ - 70◦ latitude in the Northern Hemisphere [Kamide
and Akasofu, 1983]. The greater values of AE index stand for the substorm activity[Kamide
and Akasofu, 1983]. In Figure 7 (B), we show the 27-day averaged and yearly averaged values
of AE index in 2001- 2016. It has a clear pick in 2003, during the declining phase of solar
cycle 23, and a global minimum in 2008-2009, during the solar cycle 23-24 minimum.
In Figure 7 (C) we demonstrate 27-day and yearly averaged solar wind dynamic pressure,
which is one of the most important solar wind parameters for determining effects on the mag-
netosphere. Increase (or decrease) in the solar wind dynamic pressure will compress (decom-
press) the magnetosphere and cause variation in the strength of magnetic field. From Figure
7 (B and C) one can see that the dynamic pressure exhibits the pattern very similar to that
of AE index: it has a strong maximum in 2003, a global minimum in 2008 with the gradual
following increase up to 2015.
In order to compare these parameters with RAPID/IES measurements, in Figure 7 (D) we also
demonstrate spin-averaged yearly mean electron flux intensities [in keV−1sr−1cm−2s−1] for
channels 1-6, averaged over L = 4 − 6. The curves for all six channels exhibit roughly the
same behavior with the indices described above: one can observe a pick in 2003 (during the
declining phase of solar cycle 23) with gradual decrease towards 2008-2009 during Smin of
cycle 23-24, followed by an increase in intensities up to 2015.
In order to obtain the statistical relation between electron flux intensities measured by RAPID/IES
detector and yearly averaged solar wind dynamic pressure shown in Figure 7, we perform lin-
ear regression analysis for energy channels 1-6, shown in Figure 8. We normalize our data
using the following formula:
X ′ =
X −Xmin
Xmax −Xmin ,
where X ′ stands for the normalized data, X- not normalized data, Xmin and Xmax represent
the maximum and minimum value of the averaged data.
In Figure 8, one can observe the moderate uphill (positive) linear relationship. All four plots
exhibit an intercept around 0.33, and the slope of≈ 0.5. The more precise results are presented
in Table 8. In the linear regression analysis we use solar wind dynamic pressure as a predictor
variable, and the electron flux intensities for channels 1-6 as response variables. The Pearson
linear correlation coefficient R was ≈ 0.5 for channels 2, 4 and 5 and lower (0.4) for channel
3, due to the greater variance in the data.
Linear trend equations for IES electron flux intensities are presented in Table 9. We can
derive a generalized relationship between solar wind pressure and IES electron flux intensity
measurements at energies from 40 to 400 keV in the form:
log10 y = 0.35(±0.1) + 0.5(±0.18)x,
where x stands for normalized flow pressure, and y represents normalized electron fluxes
measured by the IES detector on board Cluster mission at L-shells 4 to 6.
These findings coincide well with previous studies [e.g., Baker et al., 2001; Li et al., 2001,
2006]. Baker et al. [2001] concluded that during the declining phase of solar cycle approach-
ing sunspot minimum, the recurrent high speed solar wind streams are driving recurrent mag-
netic storms and enhancing radiation belts electrons. Li et al. [2001] supported that conclusion
and stated that during the ascending phase of solar cycle, the enhancement in radiation belts’
electrons is mainly caused by coronal mass ejections (CMEs). Geoeffective CMEs do not
occur as often as the high speed solar wind streams. Therefore, electron flux intensities in
the outer belt are higher during the descending phase of solar cycle. Li et al. [2006] analyzed
monthly window-averaged fluxes of 2-6 MeV electrons from SAMPEX data and demonstrated
that the outer radiation belt was most intense during the descending phase of the sunspot cycle,
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and weakest during the sunspot minimum, but also that the outer belt was not in its most active
state when approaching the solar maximum. In the present study we observed the maximum
of electron fluxes in year 2003, i.e. during the descending phase of solar cycle 23 followed by
the decrease in intensities up to the minimum of solar cycle 23-24 in 2008-2009. After that
the intensities started growing up to 2012, having a slight decrease afterwards with the local
minimum in 2014 (a maximum of solar cycle 24). It seems that the IES electron flux mea-
surements correlate very well in the time domain with AE index and dynamic flow pressure
(Figure 7 B, C), while for years 2012-2016 all three parameters (electron fluxes, AE index,
and dynamic pressure) seem to be anti-correlated with F10.7.
Miyoshi et al. [2004] analyzed the variation in electron flux intensities for energies >30 keV
using long-term SAMPEX observations. The study revealed two main results: (1) significant
electron flux variations with the solar cycle, and (2) location of the electron flux maximum
in the outer belt shifted to lower L-shells during periods of higher magnetic activity, and vice
versa, during periods of low magnetic activity the electron flux maximum was shifted to higher
L-values, which coincides well with the present study. In Figure 6, one can observe that the
electron flux maximum in the outer belt for 2009 (which was a year of low solar activity)
was situated on L ≈ 6 − 7, while in 2001 (maximum of solar cycle 23), it was situated on
L ≈ 4 − 6. Our study agrees with the work by Miyoshi et al. [2004], which shows that the
electron fluxes are increased during the active solar periods (especially at the declining phase)
and decreased during the quiet periods. However, conclusions by Miyoshi et al. [2004] about
anti-correlation for electrons at energies >300 keV with solar activity index at L-shells from 5
to 6 during solar cycles 21-23 do not coincide with the current findings. In our case the fluxes
do not show any correlation with the solar activity index.
7 Conclusions
The electron data measured by the IES detector on board Cluster II mission is subject to
contamination at energy interval 40-450 keV (energy channels 1-6). The main sources of
contamination are inner zone protons (L-shells from 3 to 4) with energies 230-630 keV, and
the high-energy electrons (>400 keV) at L-shells 4-6.
The current paper suggests two algorithms for background correction of RAPID/IES elec-
tron measurements. The first correction technique is based on application of experimentally
obtained contamination coefficients after [Kronberg et al., 2016]. The second method uses
RBSP-B/MagEIS proton measurements with energies 230-630 keV. Both methods proved to
be reliable in removing the contamination by high-energy electrons (>100 keV) and inner-
belts protons (230-630 keV). However, it is more convenient to use the method I, as it does
not require other observations.
The corrected data can be useful in many scientific applications. In the present study we
analyzed spin-averaged yearly mean electron flux intensity variation along solar cycle 23-
24. The study revealed that outer belt electrons exhibit the pattern very close to that of AE
index and solar dynamic wind pressure. The linear regression analysis was applied in order
to obtain regression models for logarithms of electron intensities on channels 1-6 versus flow
dynamic pressure. The model was approximated by the linear fit, which leads to a generalized
equation of relationship between solar wind dynamic pressure and IES electron flux intensities
at energies from 40 keV to 400 keV at L-shells 4 to 6. These results can have wide space
weather applications.
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Figure 5. Linear regression of electron intensities measured by ERG and Cluster (spacecraft 4) missions
Table 1. Lower Thresholds of 6 Electrons Energy Channels for RAPID
Channel Electrons (keV)
1 39.2
2 50.5
3 68.1
4 94.5
5 127.5
6 244.1
Upper 406.5
–15–
Confidential manuscript submitted to Space Weather
Fi
gu
re
6.
Sp
in
-a
ve
ra
ge
d
ye
ar
ly
m
ea
n
IE
S
el
ec
tr
on
in
te
ns
iti
es
fo
r2
00
1-
20
16
co
rr
ec
te
d
us
in
g
co
nt
am
in
at
io
n
co
ef
fic
ie
nt
s
fr
om
Ta
bl
e
3
–16–
Confidential manuscript submitted to Space Weather
Figure 7. F10.7 solar activity index (A), AE index (B), Dynamic Flow Pressure (C), and Yearly mean flux
intensities by IES electron data (D) for 2001-2016
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Figure 8. Linear regression analysis as solar wind dynamic pressure versus electron flux intensities for
Energy channels 1-6
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Table 2. Lower Thresholds of MagEIS Electrons Energy Channels Used in This Study. Note that the
MagEIS channels were time-varying before 08.03.2013; the differences in thresholds are insignificant for
statistical purposes
Channel RBSPB Electrons (keV)
0 32
1 54
2 80
3 108
4 144
5 183
6 226
7 232
8 350
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Table 4. Mean and median ratio values between RAPID/IES and RBSP-B electron measurements
Year Median Mean
2012 1.0 1.33
2013 1.0 0.98
2014 1.0 0.90
2015 1.0 1.02
Table 5. Comparison of the used optimization techniques for 2013
Func. 1, free c Func. 1, free a,b,c Func. 2, free a,b,c
a=0 a=0.11 a=0.10
b=1 b=1 b=1
c=1 c=0.14 c=0.08
f=0.02 f=0.13 f=1.475
p=0.668 p=1.37 p=1.42
m=0.98 m=1.24 m=1.30
Table 6. Mean and median values of IES/RBSP-B electron intensities ratio and optimization parameters a,
b, c for functional (II)
Year Mean ratio Median ratio a b c
2012 2.35 2.33 0.02 0.99 0.09
2013 1.42 1.3 0.08 1 0.09
2014 0.72 0.73 0.13 1 0.06
2015 1.32 1.22 0.14 1 0.02
Table 7. Maximal and minimal values of flow dynamic pressure and mean electron intensities for energy
channels 1-6 in 2001-2016
Energy Channel Imin Imax Pmin Pmax
Channel 1 4.57 5.13 1.13 2.76
Channel 2 4.24 4.92 1.13 2.76
Channel 3 4.05 4.67 1.13 2.76
Channel 4 3.65 4.29 1.13 2.76
Channel 5 3.12 3.88 1.13 2.76
Channel 6 2.70 3.65 1.13 2.76
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Table 8. Results of statistical analysis
Energy Channel Intercept Int. Error Slope Slope Error R
Channel 1 0.35 0.1 0.51 0.20 0.51
Channel 2 0.33 0.1 0.53 0.17 0.64
Channel 3 0.33 0.1 0.47 0.19 0.54
Channel 4 0.31 0.1 0.55 0.18 0.62
Channel 5 0.35 0.1 0.54 0.18 0.63
Channel 6 0.38 0.1 0.47 0.19 0.55
Table 9. Linear trend equations for IES electron intensities for energy channels 1-6
Energy Channel Linear trend equation
Channel 1 log10 y = 0.35(±0.1)+0.51(±0.20)x
Channel 2 log10 y = 0.33(±0.1)+0.53(±0.17)x
Channel 3 log10 y = 0.33(±0.1)+0.47(±0.19)x
Channel 2 log10 y = 0.31(±0.1)+0.55(±0.18)x
Channel 3 log10 y = 0.35(±0.1)+0.54(±0.18)x
Channel 6 log10 y = 0.38(±0.1)+0.47(±0.19)x
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